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We report a study of the structural and magnetic properties of single crystals of Ce2IrGa12.
Ce2IrGa12 crystallizes in a layered tetragonal structure, and undergoes an antiferromagnetic transi-
tion below 3.1 K. We characterize the temperature-field phase diagrams of Ce2IrGa12 for fields both
within the ab-plane and along the c-axis, where the presence of a field-induced magnetic phase is
found for in-plane fields. The ordering temperature is moderately enhanced upon the application of
pressures up to 2.3 GPa, suggesting that Ce2IrGa12 corresponds to the well localized region of the
Doniach phase diagram.
PACS number(s): 74.70.-b, 71.45.Lr, 74.10.+v
INTRODUCTION
Ce-based intermetallic compounds have attracted ex-
tensive interest owing to their exotic properties and fas-
cinating underlying physics, such as complex magnetic
order, unconventional superconductivity, and quantum
criticality [1–3]. In these systems, the periodically ar-
ranged localized 4f moments are screened by the con-
duction electrons via the Kondo effect. Another compet-
ing interaction is the Ruderman-Kittel-Kasuya-Yosida
(RKKY) interaction which favors long-range magnetic
order [4–6], and the competition between these interac-
tions gives rise to a variety of ground states [7], which
may be tuned by pressure, magnetic fields or chemical
doping [1].
CenM In3n+2 (M=transition metal) systems show a
variety of unusual phenomena, including the coexistence
of magnetism and superconductivity, non-Fermi liquid
behavior near a magnetic instability and multiple quan-
tum phase transitions upon tuning with different param-
eters [8–10]. CenM In3n+2 are formed from M In2 and
CeIn3 layers, which are stacked along the c-axis [11],
where CeIn3 itself exhibits antiferromagnetic order be-
low TN=10.1 K at ambient pressure, as well as a pres-
sure induced superconducting dome with a maximum
transition temperature of Tmaxc =0.2 K near a quantum
critical point [12]. Among the CeM In5 series, CeCoIn5
[13] and CeIrIn5 [14] are unconventional superconductors
at ambient pressure with Tc=2.3 K, and 0.4 K respec-
tively, while CeRhIn5 shows antiferromagnetic ordering
below TN=3.8 K, and pressure-induced superconductiv-
ity with Tc reaching 2.1 K at 2.1 GPa [15]. These findings
gave a strong indication that increasing the quasi-two-
dimensionality can significantly enhance the Tc of heavy
fermion superconductors.
In comparison, the Ce2M In8 compounds consist of two
CeIn3 layers separated by a layer of M In2, and therefore
the dimensionality is between that of CeIn3 and CeM In5
[16]. Correspondingly, Ce2CoIn8 [17] and Ce2PdIn8 [18]
are heavy fermion superconductors at ambient pressure
with intermediate Tc values of 0.4 K and 0.68 K, respec-
tively, while Ce2RhIn8 is a heavy fermion antiferromag-
net exhibiting pressure induced superconductivity with
a maximum Tc of 2 K near 2.3 GPa [19]. Interestingly,
Ce2PdIn8 was found to exhibit nodal superconductivity
together with a field-induced quantum critical point at
the upper critical field [20], which is strikingly similar
to the behavior observed in CeCoIn5 [13, 21]. Mean-
while, the crystal structure of Ce3PtIn11 and Ce3PdIn11
has two-inequivalent Ce sites, and both compounds show
the coexistence at ambient pressure of complex magnetic
ground states with multiple magnetic transitions, and
heavy fermion superconductivity with Tc of 0.3 K and
0.4 K, respectively [22–25].
Efforts have been made to look for isostructural gal-
lides in the CenMGa3n+2 series with Ga instead of In.
This is in particular due to the discovery that PuCoGa5
is a superconductor with Tc = 18.5 K [26], which is the
largest among the heavy fermion superconductors, and
much higher than isostructural PuCoIn5 [27, 28]. Instead
however, a number of different structures are found to oc-
cur. CeGa6 has in a tetragonal structure (space group
P4/nbm), and is an antiferromagnet with TN∼1.7 K [29].
Ce2MGa12 (M= Cu, Ni, Pt, Pd, Rh) crystallize in a
layered tetragonal structure with the same space group
P4/nbm, in which layers of CeGa6 are inserted between
two layers ofMGa6. Ce2PdGa12 is a strongly anisotropic
antiferromagnet with TN=11 K, where a ferromagnetic
in-plane component appears below a second transition at
5 K [30, 31]. Ce2NiGa12 and Ce2RhGa12 are reported to
order antiferromagnetically at 10 and 3.5 K, respectively
[32, 33], while Ce2PtGa12 exhibits two antiferromagnetic
transitions at TN1=7.3 K and TN2=5.5 K [34]. Upon
applying pressure, TN of Ce2PdGa12 is suppressed, giv-
ing rise to a non-magnetic state at a critical pressure
2of around Pc∼7 GPa [35]. Meanwhile the antiferromag-
netism of Ce2NiGa12 disappears at Pc∼5.5 GPa while
the Ce valence drastically changes at a higher pressure
of PV∼9 GPa [36].
Compared to the aforementioned two compounds,
Ce2RhGa12 has much lower TN , and it is of particular
interest to examine Ce2MGa12 compounds with a lower
TN , in order to determine whether they are situated in
closer proximity to quantum criticality. Here we report
the synthesis of single crystals of isostructural Ce2IrGa12
using a flux method. The physical properties are investi-
gated using electrical resistivity, magnetic susceptibility
and specific-heat measurements and we find that it is an
antiferromagnet below TN=3.1 K at ambient pressure.
The temperature-field phase diagrams are constructed
for H ||ab and H ||c, where TN is suppressed upon apply-
ing fields, and a metamagnetic transition is observed for
fields applied within the ab plane. TN shows a moderate
enhancement upon applying pressures up to 2.3 GPa, in-
dicating that Ce2IrGa12 is situated on the well localized
side of the Doniach phase diagram.
EXPERIMENTAL DETAILS
Single crystals of Ce2IrGa12 were grown using a flux
method. Ce2Ir was first prepared by arc-melting Ce in-
got (99.9%) and Ir powder (99.99%) under a titanium-
gettered argon atmosphere. Ce2Ir and Ga (99.99%) were
then placed in an alumina crucible in a 1:40 atomic ra-
tio and sealed in an evacuated quartz tube. The tube
was heated up to 1150 ◦C and held at this temperature
for 24 hours, before being cooled slowly to 400 ◦C and
centrifuged to remove excess Ga. Shiny cuboid-like sam-
ples, with typical lengths of 0.2-0.55 mm were obtained,
and the phase was determined to be Ce2IrGa12 using
single crystal x-ray diffraction (XRD) and a cold field
emission scanning electron microscope (SEM) equipped
with an x-ray energy spectrometer (EDS). Images of the
Ce2IrGa12 crystals are shown in Fig.1(b), which were ob-
tained using the SEM. The single crystals of La2IrGa12,
which were used as a nonmagnetic analog, were synthe-
sized using an analogous method. Single crystal XRD
measurements were performed using an Xcalibur, Atlas,
Gemini ultra diffractometer with an x-ray wavelength of
λ = 0.71073 A˚. The electrical resistivity, magnetic sus-
ceptibility and heat capacity were all measured using a
Physical Property Measurement System (PPMS-14 T),
including a vibrating sample magnetometer option and
a 3He refrigerator insert. The electrical transport mea-
surements under pressure were carried out in a piston-
cylinder clamp-type cell. The resistivity measurements
were performed with the current in the ab-plane, with
the field and current directions perpendicular.
FIG. 1. (Color online) (a) Crystal structure of Ce2IrGa12
where the blue, red and yellow represent the Ce, Ir and Ga
atoms, respectively. (b) Scanning electron microscope image
showing the morphology of the Ce2IrGa12 single crystals.
TABLE I. Results from refining single crystal XRD measure-
ments of Ce2IrGa12, where the refinement parameters, R1,
wR2, atomic coordinates and isotropic displacement parame-
ters Ueq are displayed.
Formula Ce2IrGa12
Space group P4/nbm (No. 125)
Lattice parameters a=6.0614(4) A˚, c=15.6818(13) A˚
R1, wR2 0.0529, 0.1504
Atom x y z Ueq
Ir1 0.75 0.25 0.00 0.0059(5)
Ce1 0.75 0.25 0.24261(9) 0.0063(5)
Ga1 0.5002(2) 0.4998(2) 0.08626(12) 0.0075(6)
Ga2 0.25 0.25 0.1864(2) 0.0078(7)
Ga3 0.25 0.25 0.34204(19) 0.0117(8)
Ga4 0.4304(3) 0.5696(3) 0.42914(14) 0.0211(7)
RESULTS
Crystal structure
Single crystal x-ray diffraction was performed so as to
characterize the crystal structure. The results of the
refinement of the data are displayed in Table I. These
show that Ce2IrGa12 crystallizes in the same tetrago-
nal structure as other Ce2MGa12 compounds with space
group P4/nbm [30, 32, 37], as displayed in Fig. 1(a).
The refined lattice parameters are a= 6.0614(4) A˚,
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FIG. 2. (Color online) Temperature dependence of the mag-
netic susceptibility χ(T ) of Ce2IrGa12 measured in an applied
field of 0.5 T both parallel to the c axis and in the ab plane.
The inset shows 1/(χ-χ0) for the two field directions, and the
lines show the Curie-Weiss fitting.
and c=15.6818(13) A˚, which are similar to those of
Ce2RhGa12 [37].
Antiferromagnetic transitions in Ce2IrGa12
Figure 2 displays the temperature dependence of the
magnetic susceptibility χ(T ) of Ce2IrGa12 measured in
an applied field of µ0H= 0.5 T both parallel to the c
axis and within the ab plane. The low-temperature χ(T )
for H ||c and H ||ab both exhibit a peak at TN . The
lack of hysteresis between zero-field-cooling and field-
cooling measurements indicates that the transition is an-
tiferromagnetic. The value of χ for H ||c is higher than
for H ||ab, indicating that the c-axis is the easy axis
of magnetization. For both field directions, the data
of Ce2IrGa12 follows Curie-Weiss behavior from 300 K,
down to around 100 K. The magnetic susceptibility for
both orientations was fitted to a modified Curie-Weiss
law: χ=χ0+C/(T − θP ) from 100 K to 300 K, where
χ0 is the temperature-independent term, C is the Curie
constant and θP is the Curie-Weiss temperature. The
derived effective moments are 2.57 µB/Ce (H ||c) and
2.58 µB/Ce (H ||ab), with θP=10.2(2) K (H ||c) and -
22.6(5) K (H ||ab). These indicate an anisotropic θP ,
where the spins are antiferromagnetically coupled within
the ab-plane and ferromagnetically coupled along the c-
axis.
Figure 3 shows the temperature dependences of the
magnetic specific heat Cmag/T and entropy Smag of
Ce2IrGa12, where Cmag/T was obtained by subtract-
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FIG. 3. (Color online) Temperature dependence of the mag-
netic specific heat Cmag/T and magnetic entropy Smag for
Ce2IrGa12, where Cmag/T is obtained from subtracting an
estimate of the lattice contribution from the La-analog. In
order to estimate Smag , Cmag/T was extrapolated to zero
temperature [38]. The inset displays the total specific heat as
C/T of Ce2IrGa12 (blue line) and La2IrGa12 (black line).
ing the lattice contribution, estimated from the data of
nonmagnetic isostructural La2IrGa12. The total specific
heat of Ce2IrGa12 and La2IrGa12 are displayed in the
inset. A sharp jump in Cmag/T occurs at TN=3.1 K,
which is typical of a second order phase transition. The
specific heat of La2IrGa12 below 5 K was fitted using
C/T=γ+βT 2, giving rise to a Sommerfeld coefficient
γ=16.6(6) mJ/mol K2 and β=2.84(4) mJ/mol K4. A
Debye temperature of θD=217.4 K was calculated us-
ing θD=
3
√
12pi4nR/5β, where n=15 is the number of
atoms per formula unit, and R=8.314J/mol K. The same
expression was fitted to the data of Ce2IrGa12 in the
paramagnetic state between 10 and 20 K, giving rise
to γ= 144.4 mJ/mol-Ce K2, β=2.86(8) mJ/mol K4,
and θD=216.8 K. A similarly large γ of 140 mJ/mol-
Ce K2 was reported for Ce2PdGa12 obtained from data
at T>TN [30], while larger values of 191 mJ/mol-Ce K
2
and 212 mJ/mol-Ce K2 were found for Ce2NiGa12, and
Ce2RhGa12 [32, 33]. However we note that an enhanced
γ deduced from data above TN does not necessarily in-
dicate heavy fermion behavior with large effective car-
rier masses, but may arise due to the presence of mag-
netic correlations above TN . The magnetic entropy Smag
of Ce2IrGa12 was obtained by integrating Cmag/T of
Ce2IrGa12. The magnetic entropy Smag per Ce released
at TN is around half of Rln2, and reaches Rln2 at around
20 K. The enhanced C/T at low temperatures and re-
duced entropy at TN may be due to the Kondo effect or
a consequence of strongly anisotropic magnetic fluctua-
tions above TN .
The temperature dependence of the resistivity ρ(T ) of
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FIG. 4. (Color online) (a) Temperature dependence of the
resistivity ρ(T ) of Ce2IrGa12 and La2IrGa12, (b) Tempera-
ture dependence of the magnetic contribution to the resis-
tivity ρmag(T ) of Ce2IrGa12, obtained from subtracting the
lattice contribution. The inset shows the low temperature
ρ(T ) of Ce2IrGa12. The red solid line shows the results from
fitting with Eq. 1.
Ce2IrGa12 and nonmagnetic isostructural La2IrGa12 are
shown in Fig. 4(a) down to 0.5 K, which both show
metallic behavior. The residual resistivity ρ0 and resid-
ual resistivity ratio RRR=ρ(300K)/ρ(0.5K) are around
8.7 µΩ cm and 7.4 respectively, which are typical values
for the samples synthesized. The magnetic contribution
(ρmag(T )) of Ce2IrGa12, obtained from subtracting the
data of La2IrGa12, are displayed in Fig. 4(b). There is
a broad maximum around T ∗=51 K in the ρmag(T ) of
Ce2IrGa12, which is typical of Kondo-lattice systems. As
shown in the inset, upon further decreasing the tempera-
ture, there is an abrupt anomaly in ρ(T ), corresponding
to the antiferromagnetic transition. ρ(T ) of Ce2IrGa12
below TN can be well described by [39]:
ρ(T ) = ρ0+AT
2+b∆2
√
T
∆
exp(−
∆
T
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2
3
T
∆
+
2
15
(
T
∆
)2]
(1)
where the second term corresponds to the Fermi liq-
uid contribution, and the third term represents scat-
tering by AFM spin-wave excitations with a spin-wave
gap ∆. The fitted parameters for the data in zero-
field are ρ0= 8.50(1) µΩ cm, A=0.61(1)µΩ cm K
−2,
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FIG. 5. (Color online) Temperature dependence of C/T of
Ce2IrGa12, which were measured in zero-field and various
fields applied along the c axis.
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FIG. 6. (Color online) (a) Temperature dependence of χ(T )
measured with fields applied parallel to ab plane below 0.9 T.
The arrows mark the antiferromagnetic transition. (b) Tem-
perature dependence of χ(T ) measured with fields applied
parallel to ab plane beyond 0.9 T. The dashed arrow marks
the position of the anomaly observed to develop at higher
fields. (c) Temperature dependence of χ(T ) measured with
fields applied along the c axis, The dashed arrow marks the
position of the antiferromagnetic transition with increasing
field.
and b=1.64(1)µΩ cm K−2 and ∆=8.53(8) K. The size-
able value of ∆ relative to TN , compared to Ce2PdGa12
which has ∆=16 K and TN=10.5 K [31], suggests the
presence of a stronger magnetocrystalline anisotropy in
Ce2IrGa12.
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FIG. 7. (Color online) ρ(T ) of Ce2IrGa12 in various fields
applied parallel to the (a) ab plane and (b) c axis, with the
current in the ab plane. The data are vertically shifted by
3 µΩ cm between adjacent fields, and the arrows correspond
to the antiferromagnetic transition. The black solid lines show
the results from fitting the data in the AFM state using Eq.1
and the dashed lines correspond to fitting with Fermi-liquid
behavior at higher fields. The derivatives dρ(T )/dT are dis-
played for fields parallel to the (c) ab plane and (d) c axis.
The A-coefficient is displayed as a function of applied field
for (e) H ||ab and (f) H ||c, derived from fitting the resistivity
data. The black open symbols correspond to values obtained
from fitting with Eq. 1 in the AFM state, while the red
closed symbols are from fitting the data at higher fields us-
ing ρ=ρ0+AT
2. The field-dependence of the spin wave gap
∆ obtained from fitting using Eq. 1 is also displayed for (g)
H ||ab and (h) H ||c.
Temperature-magnetic field phase diagram
The temperature dependence of C/T for Ce2IrGa12
is displayed in Fig. 5, measured with various magnetic
fields applied along the c axis. The jump corresponding
to TN gradually shifts to lower temperature with increas-
ing magnetic field for µ0H <2.2 T, as expected for an an-
tiferromagnetic transition. For fields higher than 2.2 T,
no transition is observed but there is a broad maximum,
which moves to higher temperatures with increasing field.
This likely corresponds to a Schottky contribution aris-
ing from Zeeman splitting of the ground-state doublet.
No divergence is observed in C/T upon suppressing the
magnetism with applied magnetic field, indicating a lack
of field induced quantum criticality in Ce2IrGa12.
The temperature dependence of χ(T ) in various fields
for two orientations is displayed in Figs. 6(a) and Figs.
6(b) for H ||ab, and Figs. 6(c) for H ||c. In a field of
0.1 T, χ(T ) shows a peak at 3.1 K both for H ||ab and
H ||c, corresponding to the antiferromagnetic transition.
For H ||ab, the peak positions marked by the arrows in
Fig. 6(a), are suppressed rapidly to lower temperatures
with increasing magnetic field, disappearing above 0.9 T.
Above 0.9 T, a weaker anomaly is observed to emerge
at higher temperatures, as indicated by the dashed line
in Fig. 6(b). Upon further increasing field, this fea-
ture broadens and gradually moves to lower tempera-
tures, and is difficult to detect above 2 T. Meanwhile for
H ||c, as shown in Fig. 6(c), a clear anomaly is observed
at TN below which χ(T ) is nearly temperature indepen-
dent. This transition is suppressed with field, and is not
observed in a 2 T field.
ρ(T ) of Ce2IrGa12 for various fields applied parallel to
the ab plane and c axis are shown in Figs. 7(a) and 7(b)
respectively, with the current in the ab plane. The cor-
responding derivatives dρ(T )/dT are displayed in Figs.
7(c) and (d). At low fields, an anomaly is observed in
ρ(T ) corresponding to the antiferromagnetic transition,
and there is a sharp asymmetric peak in dρ(T )/dT . At
higher fields, a clear anomaly is not observed in ρ(T ),
and dρ(T )/dT instead exhibits a broad symmetric peak,
indicating the lack of a magnetic transition. For H ||ab,
the transition is suppressed by field, but for fields below
0.9 T, the suppression appears to be less rapid with field
than that of the peak in χ(T ) (Fig. 6(a)). Meanwhile
the anomaly becomes less pronounced with increasing
applied field, and is difficult to detect beyond 1.4 T. For
H ||c, TN is also gradually suppressed to lower temper-
atures with increasing magnetic field, and the magnetic
transitions are not observed at fields beyond 2.2 T. For
both H ||ab and H ||c, ρ(T ) follows Fermi liquid behavior
at higher fields, as shown by the dashed lines.
The in-field ρ(T ) data in the AFM state for both field
directions were also analyzed using Eq. 1, and the field
dependence of the A-coefficient and ∆ for H ||ab and H ||c
are displayed in Figs. 7(e)-(h). ρ(T ) were also analyzed
at higher fields in the spin-polarized state using the Fermi
liquid expression ρ(T )=ρ0 + AT
2. For H ||ab, the A-
coefficient exhibits a drop upon the application of a field,
which may be related to the emergence of the field in-
duced AF2 phase (see below). Upon further increasing
the field, A continues to decrease, showing no enhance-
ment at the transition to the spin-polarized phase. On
the other hand, forH ||c theA-coefficient shows an abrupt
increase at the transition from the AFM to spin-polarized
phase, reaching a maximum value at 2.5 T, before de-
creasing at higher fields. Such a pronounced enhance-
ment of the A-coefficient at the field-induced metamag-
netic transition to the spin-polarized phase is very similar
to that observed in the heavy fermion Ising antiferro-
6magnet CeRh2Si2 for fields along the easy c-axis [40, 41].
Here this was ascribed to a significant enhancement of the
effective mass, driven by the presence of critical magnetic
fluctuations. Moreover, a similar enhancement is also ob-
served in CeRh2Si2 at the pressure induced suppression
of antiferromagnetic order, in the vicinity of the super-
conducting dome [42]. The field dependence of ∆ for
H ||ab and H ||c is displayed in Figs. 7(g) and (h). The
magnetic field reduces ∆ for both field directions, which
is the expected behavior for antiferromagnetic systems
[43].
Figures 8(a) and (b) display the isothermal magneti-
zation M(H) of Ce2IrGa12 at 2.0 K for fields in the ab-
plane and along the c-axis. As displayed in Fig. 8(a),
the magnetization for H ||ab at 2.0 K exhibits a kink at
Bm=0.9 T and a broad shoulder atBP=2.5 T. From com-
paring the χ(T ) and ρ(T ) data, Bm likely corresponds to
a metamagnetic transition from the low field antiferro-
magnetic phase to a field induced magnetic state, while
the broad shoulder at BP=2.5 T may be the crossover
from this field-induced phase to the spin-polarized state.
In Fig. 8(b), the isothermal magnetization indicates
that the c-axis is the easy axis of magnetization, reach-
ing 1.64 µB/Ce for H ||c at 9 T and 2 K, compared to
0.58 µB/Ce for H ||ab. For H ||c, the magnetization at
2 K only shows a broad crossover at 2.3 T, above which
there is a much less rapid change with field, again sug-
gesting a change to the spin polarized state. There is a
lack of hysteresis in both M(H) and ρ(H) upon increas-
ing and decreasing the field, suggesting a second-order
nature of the transitions.
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FIG. 8. (Color online) Isothermal magnetization M(H) of
Ce2IrGa12 as a function of field at 2.0 K for (a) H ||ab and
(b) H ||c. Vertical arrows mark the metamagnetic transition
Bm and the crossover Bp. The isothermal field dependence
of the resistivity ρ(H) of Ce2IrGa12 is displayed at various
temperatures for fields applied parallel to the (c) ab plane
and (d) c axis. The dashed lines mark the trend of Bm and
Bp with temperature.
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FIG. 9. (Color online) The temperature-field phase diagram
of Ce2IrGa12 for magnetic fields applied (a) within the ab-
plane, and (b) along the c axis, based on specific heat, resis-
tivity, magnetoresistivity and magnetization measurements.
The field-dependent resistivity ρ(H) of Ce2IrGa12 at
different temperatures is displayed in Fig. 8(c) for H ||ab
and Fig. 8(d) for H ||c. For H ||ab, ρ(H) at 0.5 K exhibits
a peak at 1.0 T and a clear minimum with a sharp cusp at
2.8 T, which correspond to the metamagnetic transition
at Bm and crossover at BP respectively. Upon increasing
the temperature, both Bm and BP shift to lower fields, as
indicated by the dashed lines, before disappearing above
TN . In the case of H ||c, a broad hump is observed at
2.4 T at 0.5 K, which shifts to lower field with increasing
temperature, indicating a crossover to the spin polarized
state.
Based on the measurements of resistivity, susceptibil-
ity and specific heat of Ce2IrGa12 with magnetic fields
applied in the ab plane and along the c axis, we con-
structed the T −H phase diagrams, which are displayed
in Fig. 9. For H ||ab, the two boundaries of Bm and
BP are also shown in the phase diagram, and for in-
plane fields there exists both a low-field antiferromag-
netic phase (AF1), and a field-induced phase (AF2). Bm
corresponds to the metamagnetic transition between the
AF1 and AF2 phases, while BP separates the AF2 and
spin-polarized phases. For H ||c, the phase boundaries
obtained from C(T ), ρ(T ), ρ(H) and χ(T ) are all con-
sistent, where TN is continuously suppressed with field,
before being no longer observed beyond 2.4 T.
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FIG. 10. (Color online) (a) ρ(T ) of Ce2IrGa12 under vari-
ous various pressures, in zero-applied field, the arrows cor-
respond to the transition at TN . (b) T − P phase diagram
of Ce2IrGa12, where the symbols correspond to TN , and the
dashed line is a guide to the eye.
Phase diagram in Ce2IrGa12 under pressure
In order to examine the effects of hydrostatic pressure
on the magnetic order and to look for pressure induced
quantum criticality in Ce2IrGa12, ρ(T ) was measured
under various hydrostatic pressures up to 2.3 GPa, as
displayed in Fig. 10(a). With increasing pressure, the
magnitude of ρ(T ) above TN increases, which may be
due to enhanced Kondo scattering or magnetic scatter-
ing. TN was determined from the onset of the resistivity
anomaly, and the resulting phase diagram is displayed in
Fig. 10(b). The TN of Ce2IrGa12 is found to be slightly
enhanced upon applying pressure, to around 3.7 K at
2.3 GPa.
DISCUSSION
Ce2IrGa12 crystallizes in the tetragonal space group,
P4/nbm (No.125), in which the layers of CeGa6 are in-
serted between two layers of IrGa6, analogous to the
structure of CenM In3n+2. In Ce2IrGa12, the Ce-Ce in-
teratomic distances are 3.031 A˚ in the ab plane and
8.073 A˚ along the c-axis, This suggests the presence
of anisotropic magnetic exchange interactions, which is
supported by the anisotropic Curie-Weiss temperatures
of θP=-22.6 K (H ||ab) and 10.2 K (H ||c). Anisotropic
magnetic behaviors are also detected in other Ce2MGa12
compounds, such as Ce2RhGa12, which also has an easy
c-axis and θP of -39 K for H ||ab and 5 K for H ||c [33].
The TN values of Ce2MGa12 forM=Pd, Ni, Rh and Ir
are 11 K, 10 K, 3.5 K and 3.1 K, respectively [30, 32, 33].
The unit cell volume of Ce2IrGa12 (576.16 A˚
3) is slightly
larger than that of Ce2NiGa12 (564.9 A˚
3), while it
is much smaller than that of Ce2PdGa12 (579.64 A˚
3)
[30, 32]. However, the TN of Ce2IrGa12 is much lower
than both the aforementioned compounds, suggesting
that the substition of different transition metals does
not simply correspond to a chemical pressure effect, but
may otherwise tune the system, such as by modifying
the electronic structure or carrier density. On the other
hand, the substitution of Ir with Rh does correspond
to a positive chemical pressure, since the lattice vol-
ume of Ce2RhGa12 is 573.1 A˚
3, and TN is enhanced
slightly [33, 37], which is consistent with our measure-
ments of Ce2IrGa12 under pressure. Furthermore the γ
obtained from the C/T data above TN is 212 mJ/mol-
Ce K2 in Ce2RhGa12 [33], which is larger than the value
of 144.4 mJ/mol-Ce K2 we obtain for Ce2IrGa12.
The TN of Ce2IrGa12 is enhanced to 3.7 K, upon ap-
plying a pressure of 2.3 GPa. The moderate increase of
TN indicates that Ce2IrGa12 is situated on the left side
of Doniach phase diagram, with weak coupling and well
localized 4f electrons [7]. Therefore, to look for quan-
tum criticality in Ce2IrGa12, significantly larger pres-
sures are likely necessary, in order to sufficiently enhance
the relative strength of the Kondo interaction. From
Fig. 10(b), the TN at 2.3 GPa of 3.7 K appears to be
close to the maximum value, which is very similar to the
TN of Ce2RhGa12. On the other hand, Ce2NiGa12 and
Ce2PdGa12 have considerably larger ordering tempera-
tures, which are suppressed with pressure [35, 36]. These
results suggest that in the Ce2MGa12 family, the sys-
tems with M=Pd and Ni have larger energy scales for
the magnetism than those with M=Rh and Ir.
CONCLUSION
In summary, we have successfully synthesized single
crystals of Ce2IrGa12 using a flux method, which crys-
tallizes in a layered tetragonal structure with space group
P4/nbm (No. 125). We find that Ce2IrGa12 orders an-
tiferromagnetically below TN=3.1K. We construct the
temperature-field phase diagrams for both fields within
the ab-plane and along the c-axis, where we find evidence
for a metamagnetic transition to a different field-induced
8phase for in-plane fields. The reduced entropy at TN and
enhanced low temperature C/T may be a consequence of
the Kondo effect, or short range magnetic fluctuations,
where the presence of the latter is also supported by
a strongly anisotropic negative magnetoresistivity above
TN . Upon applying pressure, TN undergoes a moderate
enhancement for pressures up to 2.3 GPa. As a result,
measurements at higher pressures are necessary to exam-
ine for the presence of quantum criticality, while neutron
diffraction experiments could reveal the magnetic struc-
ture of both the zero-field and field-induced phases.
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